OBJECTIVE: To perform a systematic review and metaanalysis of clinical trials evaluating the efficacy and safety of midodrine in orthostatic hypotension (OH). METHODS: We searched major databases and related conference proceedings through June 30, 2012. Two reviewers independently selected studies and extracted data. Random-effects meta-analysis was used to pool the outcome measures across studies. RESULTS: Seven trials were included in the efficacy analysis (enrolling 325 patients, mean age 53 years) and two additional trials were included in the safety analysis. Compared to placebo, the mean change in systolic blood pressure was 4.9 mmHg (p=0.65) and the mean change in blood pressure before and after giving midodrine was 21.5 mmHg (p<0.001). A significant improvement was seen in patients' and investigators' global assessment symptoms scale (a mean difference of 0.70 [95 % CI 0.30-1.09; p<0.001] and 0.80 [95 % CI 0.76-0.85; p<0.001], respectively). There was a significant increase in risk of piloerection, scalp pruritis, urinary hesitancy/retention, supine hypertension and scalp paresthesia after giving midodrine. The quality of evidence was limited by imprecision, heterogeneity and increased risk of bias. CONCLUSION: There is insufficient and low quality evidence to support the use of midodrine for OH.
INTRODUCTION
Orthostatic hypotension (OH) is a chronic condition seen in neurodegenerative disorders such as Parkinson's disease, multiple system atrophy, pure autonomic failure, and in individuals with peripheral neuropathies and ganglionopathy. 1 OH is characterized by inability to maintain blood pressure (BP) in the standing position, which can lead to lightheadedness, weakness, dizziness, difficulty in concentrating, palpitation, anxiety, near syncope and syncope. 2, 3 According to the latest consensus, OH is defined as a sustained reduction of systolic blood pressure (SBP) of at least 20 mm Hg, or diastolic blood pressure (DBP) of 10 mm Hg within 3 minutes of standing or head-up tilt (HUT) to at least 60°. 1 A reduction in SBP of 30 mm Hg may be a more appropriate criterion for OH in patients with supine hypertension, as the orthostatic BP fall is dependent on the baseline BP. 1 OH may be symptomatic or asymptomatic, but most patients with asymptomatic OH have clinical manifestation when exposed to increased stress such as meals, exercise and during increased temperature exposure. 3 Management of OH includes non-pharmacological (such as compression of venous capacitance beds, physical counter maneuvers and intermittent water bolus treatment) and pharmacological interventions. However, non-pharmacological management alone is rarely adequate, as orthostatic stress varies with meals, time of day, ambient temperature and other orthostatic stress. 3 Therefore, pharmacological treatment plays a crucial role in OH management. Midodrine (α1 adrenoreceptor agonist) is the only US Food and Drug Administration (FDA)-approved drug that has shown to improve OH and clinical symptoms in double-blind placebocontrolled trials. 3 Midodrine was approved by the FDA in 1996 through the agency's accelerated approval program, based on limited evidence. [5] [6] [7] [8] The FDA approved midodrine, requiring post marketing studies to document a clinical benefit; however, such studies were never submitted to FDA. 6, 7 The FDA threatened to withdraw midodrine from the market but did not, due to concerns raised by patients taking midodrine and treating physician who cited the absence of an alternative medication. 6, 7 Currently, the FDA has asked manufacturing JGIM Ajay K. Parsaik and Balwinder Singh contributed equally to this manuscript.
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companies to conduct more trials to evaluate the efficacy of midodrine in improving the OH symptoms. 8 A challenge to such trials is that midodrine helps patients with severe OH due to autonomic failure, and most of these patients are very sick with limited life span. Recruiting such subjects in these trials is difficult due to severe disease, multiple medications, and difficulty in follow-up. In addition, patients with OH have multiple symptoms that may mask the benefit of midodrine. 8 Clinical trials of midodrine efficacy in OH have yielded mixed results. Therefore, we performed a systematic review and meta-analysis of all the available randomized clinical trials to summarize the effect of midodrine on SBP, mean arterial pressure (MAP) and symptom improvement in patients with OH. A secondary objective of this meta-analysis was to assess the safety of midodrine, by analyzing the incidence of adverse events in patients with OH.
METHODS

Data Sources and Search
A comprehensive search through the OVID interface was conducted for Medline In-Process & Other Non-Indexed Citations, MEDLINE, EMBASE, PsycInfo, Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews, and Scopus. An expert librarian (PJE) with input from the study team designed and executed the search strategy through June 30, 2012, and updated on May 8, 2013. We also searched for the databases of ongoing clinical trials (e.g. http:// www.controlled-trials.com/ or http://clinicaltrials.gov/) to identify the potential eligible studies. Heading terms used in the search included "midodrine", "hypotension" and "orthostatic". Search was performed irrespective of language of publication and was limited to human subjects and controlled clinical trials. The complete search strategy is available as an "Online Appendix Search Strategy". To minimize publication bias, references cited in potentially eligible articles and conference proceedings of major neurology, pharmacology, autonomic and neurosurgical organizations were hand-searched. Relevant abstracts from these meetings were used to search for the full articles in PubMed.
Study Selection
Two reviewers (AKP and BS) independently screened the titles and abstracts of potentially eligible articles. Subsequently, the full texts of potentially eligible articles were reviewed separately by the same two reviewers. We selected all prospective clinical trials comparing the midodrine with control/placebo in patients with OH and describing the details of the midodrine dose and route (bolus/infusion). We did not include case reports, case series or any observational studies. OH due to medications or other non-neurogenic causes, as well as studies conducted in the pediatric population, were excluded. Inter-reviewer agreement on study selection was assessed with Cohen's weighted κ, 9 and a third reviewer (MHM) resolved disagreements.
Quality Assessment
To evaluate the quality of the eligible randomized trials, we determined the adequacy of randomized sequence generation, allocation concealment, blinding of participants, care givers and outcome assessors, and the extent of loss to follow-up. The quality indicators described below are derived from the Cochrane Risk of Bias tool. 10 Quality indicators were 1) selection bias (biased allocation to interventions) due to inadequate generation of a randomized sequence; 2) selection bias (biased allocation to interventions) due to inadequate concealment of allocations prior to assignment; 3) performance bias due to knowledge of the allocated interventions by participants and personnel during the study; 4) detection bias due to knowledge of the allocated interventions by outcome assessors; 5) attrition bias due to amount, nature or handling of incomplete outcome data; 6) reporting bias due to selective outcome reporting; and 7) bias due to problems not covered elsewhere in the table. Responses for each criterion were: 0 = low risk of bias, 1 = high risk of bias, 2 = unclear risk of bias. The quality assessment of the clinical trials methodology was performed by two investigators (AKP, BS) independently, and a third reviewer (MHM) was involved to resolve any disagreements. The quality of the evidence for each outcome was further assessed according to the Grading of Recommendations Assessment, Development and Evaluation (GRADE) working group guidelines.
11,12
Data Extraction
Data were extracted from selected trials by two reviewers (AKP, BS) in duplicate, using a predesigned form. The following data were extracted: trial characteristics (author, country, number of participants, trial design and description of participants), participants' selection (inclusion and exclusion criteria), drug dosages, change in SBP and MAP, symptom improvement, side effects and study conclusion. Authors of trials with incomplete outcome data were contacted for missing information and clarification of results. Outcomes of interest were mean difference in global symptoms assessment scales assessed by patients and investigators, mean difference of change of SBP and MAP, and risk ratio for each adverse event with 95 % confidence interval (CI). All the disagreements in data extraction were resolved by consensus in the presence of a third investigator (MHM).
Data Synthesis and Analysis
Continuous variables are reported as means with standard deviation (SD) or medians with interquartile range (IQR), while categorical variables are expressed as frequency and proportions. Random-effects meta-analysis was used to pool the different measures of the outcomes. 13 The I-squared static and Cochrane Q test were used to assess heterogeneity of the treatment effect among trials for each outcome. I-squared value > 50 % indicates substantial heterogeneity that is due to real differences in study populations, protocols, interventions, and/or outcomes, and a conservative p value < 0.10 of the Cochrane Q test suggests that the heterogeneity is beyond random error or chance.
14 While analyzing the data from cross-over studies, each arm was considered as a separate arm because all the studies had appropriate washout periods with no carry-on effects of drugs. For pre-post and cross-over trials, placebo/baseline measurements were taken as control, while optimal dose midodrine measurements were taken as intervention outcomes. All statistical analyses were performed using Comprehensive MetaAnalysis version 2 (2005, Biostat Inc, Englewood, NJ).
RESULTS
Study Selection
A total of 338 studies were identified through the search strategy and one additional study was identified from the conference proceedings. Preliminary screening (screening titles and abstracts) excluded 201 studies (Fig. 1) . Two reviewers had an agreement of kappa=0.88 (95 CI 0.77-1.00) in abstract screening phase. The full text of each of the remaining 18 studies was assessed in depth for eligibility; of these, nine were included for data synthesis (six with SBP, [15] [16] [17] [18] [19] [20] one with mean BP only 21 and two with adverse events only 22, 23 ) , with an excellent inter-reviewer agreement, kappa=0.89 (95 % CI, 0.66-1.00). Seven studies were included in qualitative data synthesis [15] [16] [17] [18] [19] [20] [21] (two studies included in adverse events analyses only were excluded from quality assessment). Three authors were contacted for desirable/missing data; however, none could provide the required data. 15, 16, 23 
Characteristics of Included Studies and the Risk of Bias
The characteristics of the nine included studies are presented in Table 1 . Seven trials included in the primary analysis (effect of midodrine on BP) were conducted across 49 centers in the USA and enrolled a total of 325 patients. Mean age was 53.2±11.7 years and 48 % were females. The remaining two trials reported only adverse events and did not provide sufficient data for effectiveness analysis. 22, 23 Three of the trials had a cross-over design ( Figure 2 .
Meta-analysis
The change in BP was reported in three different ways across the studies: a change in SBP from supine to standing position comparing midodrine to placebo, a change in MAP from supine to standing comparing midodrine to placebo, and a change in standing SBP before and after the intervention. Wecht et al., Fouad-Tarazi et al., Schrage et al. and Jankovic et al. reported change in SBP from supine to standing position between midodrine and placebo group in 129 patients. 15, 16, 18, 19 Jankovic et al. administrated midodrine to 74 patients and placebo to 23 different patients; while in the other three studies, the same patients received midodrine and placebo separated by a wash-out period. The mean difference in SBP change from supine to standing between placebo and midodrine by random-effects meta-analysis was not statistically significant (4.925 mmHg; 95 % CI −25.89 to16.04; p= 0.65) (Fig. 3a) . The analysis was associated with significant heterogeneity (I-square=95 %; p<0.001).
Schrage et al. and Axelrod et al. compared change in MAP from supine to standing position in 23 patients who received placebo and midodrine separated by a wash out period. 18, 21 The mean difference in MAP was not statistically significant (1.747 mmHg; 95 % CI −6.24 to 2.75; p= 0.45) (Fig. 3b) . No heterogeneity was detected in this analysis (I-square=0 %; p=0.43).
Four studies reported the change in standing SBP before and after midodrine administration in 290 patients. [15] [16] [17] 20 Jankovic et al. and Low et al. administrated midodrine to 153 patients and placebo to 106 patients, while the other two studies used a cross-over design. Random-effects metaanalysis demonstrated a statistically significant increase in mean standing SBP (21.46 mmHg; 95 % CI 15.11 to 27.81; p<0.001) (Fig. 3c ). Significant heterogeneity was observed in this analysis (I-square =87; p<0.001).
Only two studies (Low et al. and Wright et al.) reported the global assessment symptoms scale (by patients and investigators). 17, 20 Patients' scale showed a mean difference (Fig. 4) . No heterogeneity was observed in the investigators' scale analysis (I-square= 0.000; p=1.00), but significant heterogeneity was detected in the patients' scale analysis (I-square=97 %; p<0.001).
Studies varied in terms of reporting adverse events. Random-effects meta-analyses demonstrated increased incidence of piloerection, scalp pruritis, urinary hesitancy/ retention, supine hypertension and scalp paresthesia among patients receiving midodrine with pooled risk ratios of 10.53, 6.45, 5.85, 6.38 and 8.28; respectively (online appendix A, B, C, D, E). No heterogeneity was detected among these meta-analyses (I-square=0.00 for each adverse event, online appendix A, B, C); however, tests for heterogeneity were underpowered.
DISCUSSION
This systematic review and meta-analysis evaluated the efficacy and adverse events associated with using midodrine to treat OH. Our meta-analysis suggest that change in MBP and SBP from supine to standing position did not differ between midodrine and control. Although there was a trend towards the improvement of MBP and SBP after the midodrine, the effect did not reach a statistical significance. A significant improvement in standing SBP after the intervention was observed among the midodrine group compared to controls; however, significant heterogeneity was observed in the both of these analyses. These findings are similar to a previous review by Logan et al., who reported improvement in standing blood pressure with the worsening of postural drop, but included a limited number of studies without meta-analysis. 24 The global assessment symptoms scale used by patients and investigators was consistent with improvement in symptoms after using midodrine; however, this outcome was reported by only two studies. 17, 20 The commonly reported adverse events were piloerection, scalp pruritis and paresthesia, urinary hesitancy/retention and supine hypertension. The incidence of adverse events was significantly higher among the midodrine group as compared to the control/placebo group.
Patient population and indication varied across the studies (e.g. chronic tetraplegics, exercise-induced hypotension); however, a smaller number of studies did not allow us to do subgroup analysis. The validity of the global symptoms scale used to assess symptom improvement by two studies is uncertain; therefore, more studies are required. The global symptoms scale incorporates improvement in lightheadedness, standing time and orthostatic energy level, enhancing the activities of daily living. 16 The overall GRADE quality of evidence for global symptoms assessment by the investigator was moderate, and low for global symptoms assessment scale by patients.
Patients on midodrine had higher risk of adverse events compared to the controls, and results were homogenous for all the adverse events. Due to severe adverse events, discontinuation of medication was required in five patients (6.8 %, four supine hypertension and one head fullness) in the study by Jankovic et al. 16 Similarly, in the Low et al. study, 23 (14 %) patients dropped out due to different adverse events such as supine hypertension, pilomotor reactions, urinary urgency and retention. 17 Wright et al. also reported discontinuation of one patient due to excessive hypertension; however, that was after receiving a 20 mg dose. 20 Therefore, patients should be informed about possible adverse events prior to taking the drug. However, the best evidence of side effects is in fact obtained from large observational studies and not RCTs. 25 Because of the limited efficacy and higher risk for adverse events, midodrine should be used with caution by physicians with expertise and familiarity with this condition.
The strength of our meta-analysis is the comprehensive database search to identify all the potential studies. Corresponding authors of the studies were contacted for missing information; however, they could not provide the missing information due to various reasons, notably the unavailability of the study data, as the studies were conducted long ago.
The main limitations of this systematic review and metaanalysis are the small number of included studies and the variation in primary outcome reporting methods. Therefore, we were unable to pool all the studies for final analysis, and overall, results were imprecise. Inferences were also limited by large heterogeneity. The small number of studies and observed heterogeneity limited the ability to investigate the effect of publication bias. Meta-analyses with less than 20 studies have little statistical power to detect publication bias. 26 Reporting bias is in fact quite likely (considering that many studies did not report all relevant outcomes).
CONCLUSION
There is insufficient and low quality evidence to recommend the use of midodrine for orthostatic hypotension. Midodrine may improve standing SBP and global symptoms, but has no significant benefit on supine to standing SBP and MBP, and caused a higher incidence of adverse events.
